There are many problems associated with the prediction of the spatial distribution of ecological parameters. In this paper as an example the detection of plant nitrogen status with aerial photos is considered. An accurate prediction of plant nutritional needs during the growing period is necessary for the efficient use of fertilizers, low yields and high quality products. A method of this problem solution is based on the analysis of the optical characteristics of the plants on digital images. To improve this method, a module responsible for automatic construction of calibration curves for the quantitative assessment of plant nitrogen status was developed.
Introduction
Nowadays, different aspects of statistical analysis of ecological data have significant importance, as well as image analysis methods, that are used for solving following ecological problems: -detection of emergencies; -plant condition monitoring; -yield forecast; -differentiated nitrogen fertilization; -melioration system status monitoring; -and others.
The analysis of color characteristics from images allows to predict accurately the spatial distribution of different ecological parameters. In this paper, this approach is considered in relation to the problem of the plant nitrogen status estimation. Nitrogen is used most commonly as a crop fertilizer.
In recent years, a method for evaluation of plant nitrogen status by their color characteristics has become promising. The characteristics depend on the content of chlorophyll in leaves, carotenoids and other substances that absorb in the visible spectrum. This method has a good resolution and allows to identify the areas with a deficit of mineral elements. The analysis of plant color characteristics got its application in a lot of recent studies [1, 3 -6] .
Objects and methods
An automated unmanned aerial vehicle (UAV) -quadrocopter Geoskan-401 [7] is used for the aerial photography. It allows to get complete information and to allocate homogeneous technological areas for the differentiated fertilizer application in the shortest time. Two SLR cameras used as a payload allow to take high quality pictures without any digital noise in the visible and nearinfrared regions.
The process of obtaining remote sensing data using automated UAV consists of three main stages: 1. The flight plan. The supplied packaging of UAV Geoskan-401 also includes GeoScan Planner, a special software for planning flights, allowing the identification of field boundaries, which should be evaluated (for example, using Google Earth maps), and then the flight plan is created automatically (Fig. 1) . As a result, the created plan is loaded into the UAV. 2. Flying and photography. In this configuration, this step is fully automated. One just needs to start off the UAV to the created route, and the system will automatically take pictures with on-board cameras and sensors during the flight. The quadcopter uses GPS coordinates to take the pictures. The basic requirement for the shooting is the sufficient overlap of the images. 3. Pre-processing of the images. The supplied set also includes Agisoft PhotoScan software, which allows to create orthophotos in Geotiff format automatically from a mosaic of obtained images or 3D relief model.
In this paper, the color space model CIELAB [2] was used to describe color parameters, the International Commission on Illumination adopted the model in 1976. In the Lab system parameter L is always positive and represents lightness; a > 0 represents the red component parameter, a < 0 -green, b > 0 -yellow, b < 0 -blue. Each aerophoto contains test areas -small regions After pre-processing of the image and the test areas on the aerial photographs, planting areas that need fertilizing are allocated, and in a special program technological maps are generated, which are required for differentiated nitrogen fertilization.
To determine the nitrogen needs of the plants at every field area, it is necessary to construct a calibration curve that reflects the dependence between the content of the fertilizer and the plant color based on the characteristics of the reference values. Therefore, it is advisable to create a mathematical module, which allows the automatization of the calibration curves construction.
Results
To determine plant nitrogen sufficiency, it is necessary to construct a calibration curve, which describes the dependence between the dose of nitrogen in the test areas and the color of the leaves. For that, the color characteristics are presented as a single value. Therefore, it was proposed to roll the color parameter vector into a single value using a convex linear combination. This value is conventionally called the generalized color characteristic C Lab , which is calculated by following formula:
where α ≥ 0, β 1 ≥ 0 and β 2 ≥ 0 -empiricall coefficients for each image of plants, and α + β 1 + β 2 = 1.
The main criterion for selection of α, β 1 , β 2 coefficients is the provision of the most pronounced linear relationship between the nitrogen dose in the test areas and the color characteristics [9-11]. The classical approach to solving such problems is the linear regression modeling. When constructing, it is assumed, that the linear model best describes the relationship between the nitrogen status N and the color characteristics C Lab :
where β 0 and β 1 are model parameters, and ε is a random value (disturbance), which characterizes the influence of unaccounted factors. The coefficients of the regression equation are calculated by least squares method. After that, the model adequacy is tested.
Having the best set of coefficients, we constructed a calibration curve, which can be used to determine the nitrogen status on the rest of the elementary field areas.
Trying to solve this problem, we developed an algorithm, which constructs calibration curves, and tested it. Schematically, the algorithm of the main function for construction can be represented as follows: // Input data: Data: n -number of test areas; N = (N 1 , ..., N n ) -values of the nitrogen content on the areas ;
their corresponding color parameters. // Output data: Result: Empirically selected coefficients α, β 1 , β 2 ; the equation of the calibration curve; determination coefficient R 2 ; the average approximation errorε; 
Thus, we found a set of coefficients α, β 1 , β 2 , where the determination coefficient is at its maximum, and therefore the linear dependence of N and C L ab parameters is most pronounced. Fig. 2 illustrates an example of calculation results of the module.
During the computational experiments, using the developed module, a drawback of this approach was identified: when the measurement of the average values of the color parameters is recorded as plant color characteristics, as well as soil characteristics, the overall result of the analysis may be affected. Therefore, it is advisable to consider two main methods for determination of soil pixels in the image: one based on the color parameters and the other one based on the vegetation index NDVI. The solution of this problem consists of classification of two clearly distinct objects (plants and soil), and there is reason to believe that the values of the characteristics of these objects in the image (color, NDVI) almost do not overlap. Thus, it is necessary to define the boundary values (minimum and maximum) of these characteristics, and then the value of each pixel characteristics and the boundary for each object class can be compared. Moreover, the computational experiments show that it is advisable to carry out the classification of the objects by color only with the parameter a, naturally, because the parameter a defines the red and green color components.
Conclusion
In this study a method based on image analysis for quantification of plant nitrogen status was described, an algorithm for constructing calibration curves was developed and implemented, and the adequacy of the model was tested. According to the research, following conclusions can be drawn: -an accurate estimate of the plant nitrogen status using color analysis of the image is a rather actual and perspective method; -the described method is an accessible, inexpensive and reasonably accurate method for plant monitoring; -the considered method is the most accurate method for evaluation of advisability of nitrogen fertilizers, which in turn will contribute to yield profitability, good quality products, saving costly fertilizers, as well as to the improvement of the ecological state of the fields; -the evaluation of plant nitrogen status is carried out most efficiently by constructing calibration curves reflecting the dependence between the nitrogen dose and generalized color characteristics; -when an estimation of the plant nitrogen status by the color method is performed, it is expedient to detect soil pixels for their further exclusion from the analysis. This classification of the objects (plants and soil) based on the analysis of color characteristics in the Lab system should be carried out only with one color parameter a.
